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Abstract. The resonance energyper 1T-electron 01various arenes 
was calculated lsingAihara's T尺 EtheOJy. lhere seemed to bどどf 
com:lation beれ veenthe resonanι e enelJ:，') mlllme per π-electron 
01 the catiOI1 species (lacking a carbon i.J:!om) with the hな hesl 
approxlInate supど rdeloμ l!izc;bilily (Sr，(E)) from the p~lI ent 
skeleton and cα rcinogenicity， iぶ theindu正 tion0/ canccr by 
arenes (threeィ lng，戸 ur-rl1g，戸 νe-ring， sixィ mga舵 fsevenバng) 
seems to be dependent on the resonance energy per 1Tど lectronin 
thev contaIn 
Some physical ♂ ld chemical mechaηIsm日 h前むは rolcin the 
chむ micalcarcinogenesis. A paτticular compound can bind to 
註 celand induce carcinogenesis via conform註 tionalchang口
(1， 2)whichare genむ ratedin different ways after the releaseう 
of carcinogens which were prcvio出 lybound to nucleotide 
bas針。 Reむ ently we havc reported the effect of the 
relationship betwむ enresonance enむ τgy(RE) and resonance 
とれな rgy peτ TI-electron (REPE) on benz[c]辻仁 τidinesand 
ben紛争 ]phenothiazincs Thc mech辻れ ism involved in thc， 
induction of thc antibacterial and antiplasmid effects of 
arcne主総 emsto be differ亡 ntfrom the method invoJved in its 
COlTe~p()lldeIlCe tu: D r.Noboru Motり hashi， Department of 
Medicinal Chemistry， Meiji College of Pharmacy宅ト 22-1Yato-
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F人 X:(+ )0424-2ト 1489 
Key恥 rds.Arenes，REPE，Srラ (E). 
02507005/96$2.00十.40刷 
品 ntitumorand carcinogcnic effects (訂‘ TT必 lectτondistri-
bution in the 1-わ叩 zen記 ring might be respon当 iblefor the 
induction of品 ntlcancer actlvJty lヰ). Similarly二 acorrelation 
has been found between εlectrochemical oxydation網代 duction 
potential完 ofsubstituted benz[c]acridineぅ andcarcinogcnicity 
(5‘のめ lergywas accumulated in the K-rcgion of thc 
molecular促 bitals (7). 1n our recent experiments， the 
compounds weτe inv出 tigated for a structureぺlctivity 
relationship by computcr programs and thεpossiblむ 
rel辻 tionshipbetween electronic structure and carcinogenicity 
wil be further analvzed. 
Calculations 
The clectronic正Jistributioηwascalculated by the H日 kelrnolecul試 rorbital 
rnethod (HMO). The reactivity indi亡 εsused for comparIng the 
carClooge日 icitywere the fronrier electron thむの ryand thc approximate 
おり perdむ lむ -calizability()f the c呂 τhonator羽 Resonanむ encrgyper π-
clcctwn of arenes wωcalculat訂 Jby Aihara.s graph theory o[ aromaticity 
O刈 Fぃrthese caJc uJations， the FACOM M770 computer in the 105m 
Univ記 ItyInformatlOtl Sciencesぐ enter おな問 d立 w
'Results and DiscussIon 
The resonance energies per TT-eleζtron (REPE百) of社 renes I・ 
47) and both of their礼 nalo墓古 (lPl.47Pl， lP乙 47P2)whiζh 
lack a double bond at the position of the largest and the 
second I呂 rgestbond-orderηthe p辻 rentskeleton， and the 
catlO mc出 pecieswhich lack社 C品 rbonatり Iη¥vithth怠 詰 τge日ti
誌、T註ulatedby Aih辻Iceton were ce¥Sr'(E) in' the parent sk 
topological rcson設 nceenergy (TIミE)。 
Calculation oJ RεPE 011 arenes. Table 1ぬ owsthむ bond附 
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Table L Bond-r消 ler， REPEs alld Sr'山 ofthree-ring附肘μ/，2).
Compound's number 
andち tructure
おり nd1) Bond order REPE (in s u詰Il) 
、} 一 一一一一 … 
(s unit)C) REPE(P)3) REPE(Pl)4) REPE(P2)5} 
ApproXlffi誌 te superdelocalizabiJily (in s umt) 
S((E) 7) REPE (SrイEミJ)日)
C出よれ logenト 
citv indeえり)






().0390 0，0418 ().03りす 5 OS6ザ 0.02リ相 
も 
lBond: PO剖lIon with lhe bi喜gest bond-order 
Bけ nd-order (in s unit) a! the pり sitiol with thc biggesl bond-order 
3R EPE (P): Resonance energy perπωelectron (in自 unir) of parent 
4rミEPE (Pl): REPE except the position of thc big率引 tbond-order in parent. 
5只 EPE (P2): RIミPE except the position of the 2nd big bり ηd-order in parent 
6Pt附 itiol Position with the bi義母 e5t approximate superdelり伐 lizability in pareη t. 
Approximate superdelocalizaわility in pιげ cnt 
8REPEιREPE excepl thじ position of the biggest in parent 
YCarcinogenicity index: +: carcinogcnic:・l1oncarcinogemc ReL 10. 
刊ヲrdυd/lBO 1.Tablc 1 REPl乙 ¥ and Sr'イEj oflour~ring (trt!!ど s 13・8)“ 
(0註 1pOll詰ぜ numbれ BundJ) Bond (lrdはr REPE (in sunit) Approximatc slI perdetocaJizability (tn s ul1it) Can:inoger.ト 
and structure (山川f礼川L1I1口川s u日川れ山山 
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O.oJ誤? 7 じり 76 0，0322 ナ+0328 ()‘5，6 。‘ 783 0357 ()， 
告リ 0.732 
5，6 0.754 りり 3d2 03o7 ()， iUJ329 ら 。ヲi2 0.0312 十 
4毛 iユ 0.69り 札 04J J 。 0332 0.324 5'i02。ゐ 
45 ()，i77 0.0374 。Jl3り。 0.026ミ 0.610 。、りさる 5
仁 2 0.66ザ 
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Kurihal乱el al: between REPE and in Arenes 
Jarenes (9.23-ring吋)offi(E、')rnd， αREPEs30mI-order，leIIL設わY 
Comp(加 nd's number Bond1) Bood mder REPE (in品UlI t) Approxlmate如何 rdel(ラcalizaぬ ily (insunitCarcinogeniゅ 
今辺広言 x守)、 ，and structure 2)耐U{詰 7 ミEPE(Sr‘日)REPE(Pl)4) R EL p a  mn r  y -7 h posltIonも 
10~ヘグ、γぺ~、事 2 。742 1.286 0，0307 
<1 0032，75。ヲ 
0 61>02，
5.6 0.785 0.0330 0，0353 0.0312 8 
9.10 0.73り 
0，02台? {ラ 9 '<:::νJセャJミ~可ヂ九、グ♂ 3 
pentacene 守， 
'1032。，12，13 0.764 0.035タ 0，0368 00353 14 0.81勺 十
6，7 0.7斗諒-!li--
」ιな 77i3 0.0367 0.03当 8 0，0313 ? 0.573 。0315LuqJ 
。三 0 .7KO 0，0366 0，0387 0.0313 ウ 0.833 0，0323 十 
3.4 0， 703 




0.772 0， 0354 0.0368 
n.7S6 
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T3hle lI L Bond-()rdel~ 尺EPEs alJ d Sr' (E)ザβW刊 ngarCnes (仏 23)
 
Compound's number 日 ond1) Bond order REPE (in詰 unit) Approximate superde!ocalizability (in品 umtCarcinogeni‘







4，5 0.775 り， 3り5 0.0411 0324。‘ 3 0.5 15 。り 313 
i¥リO.610リ， 
2.3 0.707 00370 O.034() 3 0.621 0.0313 






6.7 0，7ザ(j 0.033り 0.036与 0.0311 、 0.642 UJJ3 04 
ヲ72台、 4，3
Table IV， Bond-order， Rl三Pιsand Sr' (E) 01 six.ring arenes (24・40) 
Compound's number Bond1) 以 )ndordじ rREPと (ins世間 t)
3nd slructure (s unit) 2) 日 REPE(Pl)4) 
0.784 0，03ヰ 0，0364 0，0295 r 。 .865 00326 + 
9リ6。、 
6 eD 
24，clibenzo[a，l ]naphthac針 lC 
2 
)3 
5，6 0.784 0，0344 0.0364 。向 2守 5 7 0.790 0，032弓 ωト 












26， naphthof8，Iふ cde]naphthaccne 
14 
~2 
三も 。 762 00352 0355。、 0.0322 7 1. 070 。 0353
1.2 0.724 




Kurihara el al: betweむ nREPE and 11人民的5 
Table IV. Bond恥 order.REPEs and SI(EjOJSLχ-riηgarenes (24-40) 令 
D
山 口
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τable rv， BOl!d-o/'der， REPEs and S/" (E) ofsixテ ingarenes (24-40) 
(comuwed 2) 
snurnber lpound宅口0{ご [1設住1) e1oca1izability(in 寸sunit) ApproxlIDate super(inミrREPI誌記 0τ) Bond Bond1 Carcinogenト
一一 city index9)and与 tructure (s unit)2)長子示予「孟 PE(Pl)4) 
fl，7 呂78[)， 0，035呼 守037。、 仏 0339 コ 973。、 0，0351 今 
13，14 0，731 








。守 75783 {)， 0357。，4，5 0，0376 0，0395 0，0350 6 十 
7‘8 0，725 




Table V， BOlld-order，REPEs and Sr' (E) of!ぜ vel! -ril!garel!es (41側 47)， 
OJmpound's number Bond1) Bond order REPE (insu誌は) Approximate superdelocalizabi1ity (in s開 it) Carcinogεnt-





1 10 a 7 
41、heptaphene




















Kurihar社 eial: betwe己 n FミEPIミ and in Arenes 
47)s i41<，nngarenトPれぞoI'ノr'(E五Tablc V. Bond-order. REPEl l1l1d 欄 
Compound、 numDer βond1) Boηd order REPE (in s unit) Approx江 n礼 te湖 Fむ deJocalizability(in s u訂H) ぐ arcinogeni々
PE悶わちSr.(P2)5)石市REPE(Pl)4)2)l)uni(日 ture二SlrLh(¥m.! 山笠間 3) 示 itO!l') city 
15，1 6 0.747 (Jβ363 0，(1357 
10.11 0.734 
15宅 iも 0.731 0.0381 0.0367 
3.4 0.714 
n.0347 O.持ヰリ 。.1)34ヨ。 
O.り 34お 号 。753 0.0352 
;16，tribenzo[氏ど.ilryrene 
9 0.0354 9 O.52S 0.0343 (，0.62司 0仁斗(1) 0.0353| 古下、( 4
、、/¥.!7刊、;?"¥に " 13 
目、ヂ 9 n L、"'"J 6 - 0.(，1)9 -...:r- 10
1 
47，tetrabωzρiα，c，hJ]anthracene 
ordcr二 resひね乱れ ce energy per τr-electron_ (REPE) and 
技 pproxlm註 tesuperdむ localizabilityREPE(Sr，(E)) of thre(シ nng 
arenes (1，2)，which have 14 TI“ ξlectrons. From thむ energy 
ca!culationち forRIミPE(P)，it was suggested that phenanthrene 
(2) ぉ morestahle than anthr品 cene (l) The value of‘ 
REPと (Sr'(E))(0.031始).forωrcinogenicanthr辻C叩む (1)was 
higher than REPE(Sr，(E)) (0.0298s) for noncarcinogenic 
phenanthrene (2). This is only a comp註 risonof two three-
ring arenes (1，2) hlt，lt the appear th辻 ta higher valle than 
0.0319s of REPE(Sr'(叫) isneじ essaryfor three-ring註 renesto 
hecome carcinogenic (Taわた りけり)， 
dibenz[a.h ]a凶 1racene (12，ミEP巳(訂(~)): 
dibenz[吋 al1th間伐出 (13ラ 町 陀 (Sr'(~b: 
naphtho[1，2-a]anthracene (15，民 EPE(Si'(E))・ 
be~zo[cl~hrys~ne (16， REPE(Sr;(E))・ 






ditに nz[a.c]anthracene (18，災 EPE(Sr.(E)): 0.0336[3) and 
benzo[a]pyrene (22、 REPE(Sr'(ぶ)): 0.(3513). All of which 
were立 reaterv設 luesthan the case for the nonく社 rcmo良 emc 
ωmp;unds. The REPE(Sr，(E)) vallles of the 5 nonc."山ト 
nogenic fiveィ mgarenes werepentacene (玖 REPE(ν(~)):‘ 
O.0307s)、 dibenzo[c，g]phenanthrむ ne げゑ 8EPE(Sr'(E)): 
Table I shows the hondべ)rder，陀reson泊れ ceeηergy pω1π benzo[e]pyrel)己 (20， REPE(Sr'(七)): O.0313s)，む 
斗) appro次将X 泊 ab y
0.0313s). 
(23ラ配ndpentaphe註E)):0.0313s)バPE(S椛，ene(21がpy、ilitヲliz乱locεrdむ灯te sup ，社1m幻ld以3 arη引(REPIεon!:，elect 
(S 余お{ο)凡川ur ね19arene(3-8)、、汁'hiにchha ト -elωctrons.仇 f噴.(巨叫)り) of fi ト-引 I wr 川、ve18 τπTけIeF Vお、山 ，ち 
The vallles of FミEPE(P)led lS to sllggest th主t triphenylene (7) 
ぶ the most stable strllcture of the 6 four-ring arenes (3機糾 w 
The氏 EPE(Sr，(E))of carcinogenic benz[a1thrace民件) wa日間 
inogenicfour-ringむIlesof the 110ncar説and thc v[3，322()必 
Mむ leswere 0.0265s-0.0312s (3，5同齢、 This comparison of 6 
fourωnng arenξs (3-8) sllggests th辻 tthe grじ lterv註 lues than 
0.0322[3註Fむ essentialfor carcinogenicity in fourringaτen己%伽 
(Table I)， 
Tahle II shows the bond-order， resonance energy perτト 
electron (REPE) 泊 nd approximぷ e sllperdelocalizahility 
(Sr，(1ミ) of fiveイ ingarenes(9.23)，which have 22 Tr-electrons 
I-ligher'REPE(Sr{E)} v31ue~ tha~ 0.0315s for five-ring aren針 
are needed fol' theは ppeaI試行 ceof carcinogenicity“ The v辻 Iles 
of th己決 EPE(Sr，(EJ)' of the 8 carcinogeniciive-ring afene亘
社 re、 benzo[b]chrysene (11， R五 PE(SrベE)): 0.032913)， 
REPE(Sr，(E)): 0.0304s)・ Thetwo non山 rcinogenicfivenng‘ 
aren亡 sof わ enzo[a]naphth設 cene(10) with a v註 lleof 0.0324s 
訪れ dpicene (14) with 品 valle of (1.0320s ~再引e exception仏 It 
can be 山 tedthat the C1:山 m ドむ M 勾 of five勾千nη時 ga附∞og
23) is corr己 la註f代む奴吋d山恰 φli社Ih1廷 ehig 沢刊旬uesthai 〆ラべ(E)り)W けh 壬なal山Il 汀泊nR巳 PE(Srrがherv 訂叩 
0.03]汚 8仏. Noncarcinogenic fiveωnng設 renes(10 and 14) are 
exceptions 10 th亡 role(Table 11). 
Table IV shows thむ bond-order，reson設 nceenergy perτT-
electr!J1l (REPE) and approxim誌 te Slpむ rdelocalizability 
(Sr，(E)) of six-ring社代配当 (24・ 40)whichhave 26τT-el己 ctrons.喫 
The values of fミ巳 PE(Sr，(E)) suggest that a highcr 
REPE(Sr，(E)) than 0.033213 for six-ring arenes (except for 
nce註~ppearthe 1' reqllired foiscene(33))anthr設，j)c，[atribenzo 
of carcinogeniむ託子 The stability ()f the REPE(Sr'(b)) vall亡 E 
ofり ωrcmogeI1If.Slx-rmgarenes eιdihenzo[a，l]naphthacene 
(24， REPE(Sr'(日): 0.0326s}， dihenzo[l叶 
寸 、 予a 1 ι E{F l 
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REPE(Sr，(E)): 0.0325s)，n註 phtho[8，1，ユィ de]naphthacene (26， 
REPE(Sr‘(日): 0.0339s)， dibenzo[a，h]pyrene (27， 
REP巳 (Sピ(じり 0.0353s)， dibenzo[a，c]naphthace伐と (32、 
REP日 Sr'(と)): 0.0348s)， dibenzo[de，qr]n辻 phthace目立 Q4ぅ
災巳)): 0.0332s)， anthanthr~ne' (36，ミ EPE(Sr，(E)): 
0.0344s)， dibenzo[a，i]pyr刊誌 (37， R~PE(Sr ，(E)): 0.035Is')， 
dibenzo[a，l]pyrene (39， REPE(Sr，(E))摘。 0357s) and 
(except0.0353s) )・民)REPE(Sr'(，(40neむI狩e]，dibenzo[a
nonc社 rcinogenictribenz[a， c，j]anthr設c~ne (33) with 0.0335s) 
werむ higher than the REPE(S〆E)) values of thξ6 
nonc設 rcinogenic six-ring arenes. The values for 
noncarcinogenic compollnds were dibenzo[b，k]chryse出 (28， 
REPε(Sr，(E)): 0β313s)， hexaphene (29， REp'E(Sr，(E)): 
0.0310s)， anthra[lふa]出thrac~ne (30， ~EPE(Sr'(町): 
0.031Os)，benzo[c]pentaphenむ (31， REPE(Sr，(E))0.0320s)，‘ 
dihenzo[fg，oplnapt;thace~e (35，REl'E(Sr，(E)): 0.0324s)，a;d 
トableIV円、 0.0318s)初):REPE(Sr'(，(38benzo[giúlp~ryle~e 
rahles V shows the bond-ordeに resonanceenergy perπ-
on (REPE) approximate !:.，elect 設れ d superdelocalizabiJity 
Oピ(E))of sevenィ設代民 s(41-4力‘ whichhave 30 TT-
electrons. The values of REPE(Sr'(El) imp性 thatcarcino-
areなおvalu上り be deduced from REPE(Sr'(設おgenIcity c
In general it can beむ oncludedthat higher REPE(Sr'(五与 
valuむ maybe responsible for the carcinogenIcity of arenes 
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